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Abstract 

One of the many science questions that will be addressed by the Hyperspectral Infrared 

Imager (HyspIRI) mission will be to help identify natural hazards such as volcanic eruptions and 

any associated precursor activity, and it will also map the mineralogical composition of the 

natural and urban land surface. To answer these questions, the HyspIRI satellite includes a 

thermal infrared (TIR) multispectral scanner with seven spectral bands in the thermal infrared 

(TIR) between 7 and 12 µm and one band in the mid-infrared between 3 and 5 µm designed to 

measure hot targets. The TIR bands have a NEȹT of <0.2 K at 300 K and all bands have a spatial 

scale of 60 m. A critical aspect of HyspIRI being successful at answering the science questions 

associated with the HyspIRI science tractability matrix is placement of the 7 TIR bands in the 7ï

12 µm spectral region. In order to help determine the optimum positions for the TIR bands, a 

small team was assembled to conduct a study report based on laboratory, spaceborne, and 

airborne data. 
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1 Introduction 

The Hyperspectral Infrared Imager (HyspIRI) mission will provide an unprecedented 

capability to assess how ecosystems respond to natural and human-induced changes. It will help 

us assess the status of biodiversity around the world and the role of different biological 

communities on land and within inland water bodies, as well as coastal zones and, at reduced 

resolution, in the ocean [HyspIRI, 2008]. Furthermore, it will help identify natural hazardsðin 

particular, volcanic eruptions and any associated precursor activityðand it will map the 

mineralogical composition of the natural and urban land surface. The mission will advance our 

scientific understanding of how the Earth is changing as well as provide valuable societal benefit 

in understanding and tracking dynamic events such as volcanoes and wildfires. 

HyspIRI includes two instruments: a visible shortwave infrared (VSWIR) imaging 

spectrometer operating between 380 and 2500 nm in 10-nm contiguous bands and a thermal 

infrared (TIR) multispectral scanner with eight spectral bands operating between 4 and 12 µm. 

Both instruments acquire data with a spatial resolution of 60 m from the nominal orbit altitude. 

The VSWIR and TIR instruments have revisit times of 19 and 5 days with swath widths of 145 

and 600 km, respectively.  

In terms of spectral and spatial resolution, the HyspIRI TIR measurement derives its 

heritage from the Advanced Spaceborne Thermal Emission and Reflection radiometer (ASTER) 

instrument, a five-channel multispectral TIR scanner that was launched on NASAôs Terra 

spacecraft in December 1999 with a 90-m spatial resolution and revisit time of 16 days 

[Yamaguchi et al., 1998]. The ASTER band positions in turn were derived from the NASA 

airborne Thermal Infrared Multispectral Scanner (TIMS), a precursor airborne instrument used in 

preparation for ASTER that had six TIR bands. One of the most important aspects of a TIR 

instrumentôs design is determining optimal number, positions, and detection thresholds of the 

TIR channels. Positions of the bands within the TIR region will influence the ability to better 

quantitatively map: 1) SO2 from volcanic and anthropogenic sources, 2) minerals on the Earthôs 

surface such as feldspars, carbonates, and silicates, as well as 3) urban materials. 

The remainder of the document will detail case studies involving volcanic emissions and 

surface mineral mapping to optimize the HyspIRI TIR band positions in order to answer the 
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relevant Earth Science questions. The data used in this study include satellite, laboratory, and 

airborne data.  

2 HyspIRI instrument characteristics 

The TIR instrument will acquire data in eight spectral bands, seven of which are located 

in the thermal infrared part of the electromagnetic spectrum between 7 and 13 µm shown in 

Figure 1; the remaining band is located in the mid-infrared part of the spectrum around 4 µm. 

The center position and width of each band is provided in Table 1. The exact spectral location of 

each band has not been determined; the nominal locations provided here are based on the 

measurement requirements identified in the science-traceability matrices, which included 

recognition that related data was acquired by other sensors such as ASTER and the Moderate 

Resolution Imaging Spectroradiometer (MODIS). HyspIRI will contribute to maintaining a 

longtime series of these measurements. For example, the positions of three of the TIR bands 

closely match the first three thermal bands of ASTER, while two of the TIR bands match bands 

of ASTER and MODIS typically used for split-window type applications (ASTER bands 12ï14 

and MODIS bands 28, 31, 32). It is expected that small adjustments to the band positions will be 

made based on ongoing science activities. 

 

Figure 1. HyspIRI TIR instrument proposed spectral bands. 

 

 

Spectral Bands
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Table 1. Preliminary TIR Measurement Characteristics 

Spectral 
Bands (8) µm 3.98 µm, 7.35 µm, 8.28 µm, 8.63 µm, 9.07 µm, 10.53 µm, 11.33 µm, 12.05 µm 
Bandwidth 0.084 µm, 0.32 µm, 0.34 µm, 0.35 µm, 0.36 µm, 0.54 µm, 0.54 µm, 0.52 µm 
Accuracy <0.01 µm 
Radiometric 
Range Bands 2ï8 = 200 Kï500 K; Band 1 = 1200 K 
Resolution < 0.05 K, linear quantization to 14 bits 
Accuracy < 0.5 K 3-sigma at 250 K 
Precision (NEdT) < 0.2 K 
Linearity >99% characterized to 0.1 % 
Spatial 
IFOV 60 m at nadir 
MTF >0.65 at FNy 
Scan Type Push-Whisk 
Swath Width 600 km (±25.5° at 623-km altitude) 
Cross Track Samples 9,300 
Swath Length 15.4 km (± 0.7 degrees at 623 km altitude) 
Down Track Samples 256 
Band to Band Co-Registration 0.2 pixels (12 m) 
Pointing Knowledge 10 arcsec (0.5 pixels) (approximate value, currently under evaluation) 
Temporal 
Orbit Crossing 11 a.m. Sun synchronous descending 
Global Land Repeat 5 days at Equator 
On Orbit Calibration 
Lunar views 1 per month {radiometric} 
Blackbody views 1 per scan {radiometric} 
Deep Space views 1 per scan {radiometric} 
Surface Cal Experiments 2 (day/night) every 5 days {radiometric}  
Spectral Surface Cal 
Experiments 

1 per year 

Data Collection 
Time Coverage Day and Night 
Land Coverage Land surface above sea level 
Water Coverage Coastal zone minus 50 m and shallower  
Open Ocean Averaged to 1-km spatial sampling 
Compression 2:1 lossless 

A key science objective for the TIR instrument is the study of hot targets (volcanoes and 

wildfires), so the saturation temperature for the 4-µm channel is set high (1200 K) [Realmuto et 

al. 2011], whereas the saturation temperatures for the thermal infrared channels are set at 500 K.  

The TIR instrument will operate as a whiskbroom mapper, similar to MODIS but with 

256 pixels in the cross-whisk direction for each spectral channel (Figure 2). A conceptual layout 

for the instrument is shown in Figure 3. The scan mirror rotates at a constant angular speed. It 
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sweeps the focal plane image across nadir, then to a blackbody target and space, with a 

2.2-second cycle time. 

 

Figure 2. HyspIRI TIR scanning scheme. 

 

Figure 3. HyspIRI TIR conceptual layout. 

The f/2 optics design is all reflective, with gold-coated mirrors. The 60-K focal plane will 

be a single-bandgap mercury cadmium telluride (HgCdTe) detector, hybridized to a CMOS 

readout chip, with a butcher-block spectral filter assembly over the detectors. Thirty-two analog 

output lines, each operating at 10ï12.5 MHz, will move the data to analog-to-digital converters. 

The temperature resolution of the thermal channels is much finer than the mid-infrared 

channel, which (due to its high saturation temperature) will not detect a strong signal until the 

target is above typical terrestrial temperatures at around 400 K. All the TIR channels are 

quantized at 14 bits. Expected sensitivities of the eight channels, expressed in terms on noise-

equivalent temperature difference, are shown in the following two plots (Figures 4 and 5). 
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Figure 4. HyspIRI TIR predicted sensitivity 200ï500 K. 

 

Figure 5. HyspIRI TIR predicted sensitivity 300ï1100 K. 

The TIR instrument will have a swath width of 600 km with a pixel spatial resolution of 

60 m, resulting in a temporal revisit of 5 days at the equator. The instrument will be on both day 

and night, and it will acquire data over the entire surface of the Earth. Like the VSWIR, the TIR 

instrument will acquire full spatial resolution data over the land and coastal oceans (to a depth of 

<50 m) but, over the open oceans, the data will be averaged to a spatial resolution of 1 km. The 

large swath width of the TIR will enable multiple revisits of any spot on the Earth every week (at 

least one day view and one night view). This repeat period is necessary to enable monitoring of 

dynamic or cyclical events such as volcanic hotspots or crop stress associated with water 

availability. 
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3 HyspIRI thermal infrared science objectives 

The HyspIRI mission is science driven by linking the measurement requirements for the 

mission to one or more science questions. HyspIRI has three top-level science questions related 

to 1) ecosystem function and composition, 2) volcanoes and natural hazards, and 3) surface 

composition and the sustainable management of natural resources [HyspIRI, 2008]. The NRC 

Decadal Survey called out these three areas specifically. These questions provide a scientific 

framework for the HyspIRI mission. NASA appointed the HyspIRI Science Study Group (SSG) 

to refine and expand these questions to a level of detail that was sufficient to define the 

measurement requirements for the HyspIRI mission. Five overarching thematic questions (TQ) 

were defined by the HyspIRI SSG for the TIR component: 

¶ TQ1: Volcanoes and Earthquakes: How can we help predict and mitigate earthquake 

and volcanic hazards through detection of transient thermal phenomena? 

¶ TQ2: Wildfires : What is the impact of global biomass burning on the terrestrial 

biosphere and atmosphere, and how is this impact changing over time? 

¶ TQ3: Water Use and Availability: How is consumptive use of global freshwater 

supplies responding to changes in climate and demand, and what are the implications for 

sustaining water resources? 

¶ TQ4: Urbanization and Human Health: How does urbanization affect the local, 

regional, and global environment? Can we characterize this effect to help mitigate its 

effects on human health and welfare? 

¶ TQ5: Earth Surface Composition and Change: What are the composition and thermal 

properties of the exposed surface of the Earth? How do these factors change over time 

and affect land use and habitability? 

For each of these questions, accurate retrieval of Land Surface Temperature and 

Emissivity plays a key role in defining the measurement objectives and requirements for these 

questions. The HyspIRI LST product, in particular, will be especially useful for studies of 

surface energy and water balance in agricultural regions at the crop scale (<100 m), where 

quantification of evapotranspiration processes are essential for helping land managers make 

important decisions relating to water use and availability. The HyspIRI emissivity product will 
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contain spectral/compositional information from rocks, soils, and vegetation at different 

wavelengths, which will provide a diagnostic tool for discriminating surface cover types at  

spatial scales of 60 m or less. 

4 Background 

In terms of TIR band positions, the HyspIRI TIR measurement will derive its heritage 

from the ASTER, MASTER, TIMS, and MODIS multispectral measurements. ASTER is a five-

channel multispectral TIR scanner that was launched on NASAôs Terra spacecraft in December 

1999 with a 90-m spatial resolution and revisit time of 16 days. The TIR positions of ASTER 

bands 10ï14 are placed in the so called atmospheric ówindowô regions of the TIR region (8ï12 

µm) and centered on 8.3, 8.6, 9.1, 10.6 and 11.3 µm respectively. These positions allow accurate 

emissivity surface temperature retrievals which are used for mineralogic composition and 

mineral mapping studies [Hook et al., 2005; Vaughan et al., 2005; Scheidt, et al., 2011]. The 

ASTER band positions are very similar to the NASA airborne Thermal Infrared Multispectral 

Scanner (TIMS), which has six spectral channels from 8ï12 µm centered on 8.4, 8.8, 9.2, 9.9, 

10.7, and 11.6 µm respectively.  

MODIS is a multi-spectral imager onboard the Terra and Aqua satellites of NASAôs 

Earth Observing System (EOS), and has been the flagship for land-surface remote sensing since 

the launch of Terra in December 1999 [Justice et al., 1998]. MODIS scans °55º from nadir and 

provides daytime and nighttime imaging of any point on the surface of the Earth every 1ï2 days 

with a spatial resolution of ~1 km at nadir and 5 km at higher viewing angles at the scan edge 

[Wolfe et al., 1998]. MODIS TIR bands include bands 28 (7.175ï7.475 µm), 29 (8.4ï8.7 µm), 

30 (9.58ï9.88 µm), 31 (10.78ï11.28 µm), 32 (11.77ï12.27 µm) and their placement include key 

uses such as upper tropospheric humidity, surface temperature, total ozone, cloud temperature, 

cloud height, and volcano monitoring. The MODIS/ASTER Airborne Simulator (MASTER) was 

developed to support scientific studies by ASTER and MODIS projects, including algorithm 

development and band placement studies [Hook et al., 2001]. At present, the nominal HyspIRI 

TIR band placements are a hybrid between ASTER and MODIS TIR bands, and include MODIS 

bands 28, 32 and ASTER bands 10ï12 shown in Figure 6. 
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Figure 6. HyspIRI nominal band positions in the TIR region based on MODIS bands 28 and 32 (H1 and H7), and ASTER bands 
10ï12 (H2ïH4). Bands H5 and H6 centered at 10.53 and 11.33 micron are similar to ASTER bands 13 and 14. Transmission 
features of H2O, O3 and CO2 are also shown as reference. 

The TQ1 HyspIRI overarching science question states: How can we help predict and 

mitigate earthquake and volcanic hazards through detection of transient thermal phenomena? It 

has been shown that transient thermal anomalies precede earthquakes and volcanic eruptions. 

TIR images from HyspIRI will allow us to monitor these phenomena in the hope of one day 

providing capability of predicting such disasters. Precursory behaviors of volcanoes can include 

increases in SO2 emission, and therefore TIR data will allow us to detect not only SO2, but also 

ash and water ice in the eruptive plumes [Realmuto and Worden, 2000; Realmuto et al., 1997]. 

Similarly, thermal anomalies such as crater lakes, fumaroles, domes, etc. typically precede an 

eruption [Ramsey and Harris, 2012; Rosi et al., 2006]. Remote monitoring of this activity 

provides crucial information that can lead to more accurate event predictions. SO2 absorption 

primarily occurs in the 7.5 and 8.5 µm regions, and correct placement of bands around these 

regions is essential for quantitatively mapping SO2 plumes.  

Figure 7 (a) shows an ASTER nighttime multispectral TIR image of Augustine Volcano 

on 1 February 2006 showing hot pyroclastic flow deposits (bright in TIR) and eruption plume. 
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Colors represent different materials entrained within plume. For example, magenta indicates 

mixtures of water droplets (steam) and silicate ash; red, yellow, and orange indicate mixtures of 

ash and SO2. Figure 7 (b) shows an SO2 map of column abundance derived from ASTER data. 

The rapid acquisition of the high-resolution ASTER image was possible because of an integrated 

program of thermal anomaly detection, which uses lower spatial/higher temporal resolution TIR 

instruments to trigger ASTER TIR observations at a much higher temporal frequency [Duda et 

al., 2009].  HyspIRI will provide both the high spatial and temporal TIR data to make this type 

of fire and volcano monitoring routinely possible. 

 

Figure 7. (a) ASTER nighttime TIR images of Augustine Volcano showing hot pyroclastic flow deposits (Bright in TIR) and 
eruption plume. Colors represent different materials entrained within plume. (b) SO2 map derived from ASTER data.  

The TQ5 HyspIRI overarching science question states: What are the composition and 

thermal properties of the exposed surface of the Earth, and how do these factors change over 

time and affect land use and habitability? The emissivity of the exposed terrestrial surface of the 

Earth can be uniquely helpful in discriminating between different rock, mineral, and soil types. 

Surface compositional studies hold clues to the origins of materials, the processes the 

transport/alter these materials, and also the geology and evolution of different rock types. 

Spaceborne measurements from HyspIRI will enable us to derive surface temperatures and 
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emissivities for a variety of Earthôs surfaces. For example, different Si-O bonded structures vary 

in their interaction with energy in the thermal infrared region (8ï12 ɛm). Framework silicates, 

such as quartz and feldspar (common in most continental rocks), show minimum emissivity at 

shorter wavelengths (8.5 ɛm), whereas pyroxene and olivine (common in many volcanoes) show 

minimum emissivity at progressively longer wavelength. Carbonate minerals have a diagnostic 

feature around between 11.2 and 11.4 ɛm, which moves from the shorter to the longer 

wavelengths as the atomic weight of the cation increases. Correct placement of the TIR bands in 

the 8ï12 ɛm is critical for mapping and distinguishing between felsic and mafic rock 

compositions as well as positively identifying certain minerals, mineral classes, and urban 

materials. Figure 8 shows an example of an ASTER-derived decorrelation stretch (DCS) over 

Death Valley, CA. The DCS exploits inter-channel differences to enhance the color in images, 

resulting in an image where the pixels are distributed among the full range of possible colors. 

ASTER bands 14, 12, and 10 are plotted as red, green, and blue (RGB), respectively. Quartz-rich 

rocks are displayed in red and magenta, quartz-poor rocks in blues and purples, and carbonates in 

green. Temperature information is related to the brightness of the colors, i.e., areas of higher 

elevation (and cooler rocks) appear darker than lower elevation areas that have higher 

temperatures. 

 

Figure 8. ASTER decorrelation stretch (DCS) of Death Valley using bands 14, 12, and 10 as RGB respectively. Different colors 
in the image correspond to different mineral types, e.g., quartz features are red, carbonates are green, and quartz-poor regions 
are purple.  



HYSPIRI TIR BAND STUDY REPORT 

19 

5 HyspIRI band positions for the detection of volcanic plumes 

TIR data will allow us to measure the emission rates of SO2 from volcanoes. This in turn 

allows us to infer magma supply rates, contributions of volcanoes to the global SO2 budget and 

emission rates of other amounts of gas (e.g., H2O, CO2, HCL, HF) and aerosols (ash, ice, 

sulfates) [Realmuto et al., 1997; Watson et al., 2004]. The frequent coverage and the higher 

spatial resolution of HyspIRI will allow us to more-accurately monitor passive SO2 degassing 

from the world's active volcanoes.  This input of emissions into the troposphere will affect local 

and regional climate around these persistently-active volcanoes, a capability not offered by 

existing moderate (~1 km) resolution instruments. Multispectral TIR data will also allow the 

identification of the mixture of ash, SO2, and water vapor/ice in eruptive plumes, providing 

improved hazards warnings for aviation safety [Realmuto and Worden, 2000; Tupper et al., 

2006].  

The use of multispectral TIR airborne data to map volcanic SO2 plumes has been 

previously demonstrated with much success [Realmuto et al., 1997; Realmuto et al., 1994]. With 

the launch of NASAôs Terra spacecraft in 1999, volcanic plume monitoring is now possible 

twice daily with MODIS data and at much higher spatial resolution with ASTER data. For 

example, MODIS will have sufficient resolution to monitor large-scale SO2 plumes typical of 

those seen from Kilauea in Hawaii or Mount Etna in Italy [Realmuto et al., 1994]. In contrast, 

ASTER has the ability to resolve smaller-scale plumes such as those from Pacaya in Guatemala 

or Soufrière Hills in Montserrat. Algorithms for detecting plumes rely on spectral attenuation of 

infrared radiation between 7ï13 µm. ASTER band 11 and MODIS band 29 can be used to detect 

SO2 burdens, whereas the 11-12 micron split-window bands can quantify silicate ash and water 

ice. The clarity of the Earth's atmosphere in these regions allow the detection of these plume 

constituents down to ground level.  In contrast, the 7.3 micron absorption for SO2 is much 

stronger, but is only effective if the plume is very large and/or enters the stratosphere due to the 

strong absorption of water vapor in this region. The heritage of the HyspIRI spectral response 

versus SO2 transmission is shown in Figure 9, including the ASTER and MODIS band passes. 



HYSPIRI TIR BAND STUDY REPORT 

20 

 

Figure 9. Heritage of the HyspIRI spectral response, showing (a) ASTER response vs. SO2 transmission, (b) MODIS response 
vs. SO2 transmission, (c) HyspIRI response vs. SO2 transmission, and (d) brightness temperature difference vs. 
SO2 concentration.  

The retrieval of SO2 concentrations from remote-sensing measurements relies on 

radiative transfer models that estimate the amount of atmospheric emission, and scattering and 

absorption of surface-leaving radiance. The recent introduction of high-resolution (0.1 cm
-1

) 

band models in MODTRAN5 [Berk et al., 2005] enables us to analyze hyperspectral TIR data. 

Hyperspectral radiance measurements improve our ability to discriminate the constituents of 

volcanic plumes. A limitation of radiative transfer models are their dependence on input 

atmospheric profiles such as temperature, relative humidity, and gas composition. Furthermore, 

the need for accurate atmospheric corrections increases with increasing spectral resolution. The 

improvement in our ability to model ambient atmospheric conditions, and thus improve 

atmosphere corrections, will increase our sensitivity to subtle changes in passive emissions of 

SO2 and surface temperature, regardless of the spectral resolution of our radiance measurements. 
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5.1 Mapping volcanic plume constituents 

Comparisons between multi- and hyperspectral remote sensing in the detection and 

mapping of plume constituents are illustrated in Figure 10, which shows the spectral signatures 

of SO2 (Figure 10a), silicate ash (Figure 10b), and SO4 aerosol (Figure 10c). These simulated 

spectra are plotted at the resolution of HyTES [Johnson et al., 2009] and the airborne 

MODIS/ASTER Airborne Simulator, or MASTER [Hook et al., 2001] instruments: ~0.02 ɛm (or 

2 cm-1) vs. 0.5ï1.0 ɛm, respectively. In comparison, the thermal IR response of these 

corresponding constituents is shown on the right panels in Figure 10. We can readily 

(a)

 

 

(b) 

 
 

(c) 

  
Figure 10. Transmission spectra expressed as brightness temperature difference spectra for three constituents of volcanic 
plumes and ash clouds. (a) SO2, (b) silicate ash, and (c) SO4 aerosol at the spectral resolution of HyTES (thin line) and 
MASTER (thick line) 
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discriminate the spectra of SO2, ash, and SO4 aerosols at the spectral resolution of HyTES (thin 

line), but the distinctions are more subtle at the resolution of MASTER (thick line). In real-world 

measurements, these distinctions are further muted by instrument noise and uncertainties in our 

knowledge of atmospheric and surface conditions. Given the MASTER spectra, we note the 

difficulties in discriminating SO2 from SO4 in the spectral range between 8 and 9.5 ɛm (Figures 

10a and 10c), or ash from SO4 in the range between 9.5 and 12 ɛm (Figures 10b and 10c).  

The ability to discriminate SO4 aerosols from SO2 or ash is critical for climate and 

environmental studies; whereas the ability to discriminate ash from SO4 (or SO2) is critical to the 

mitigation of the aviation hazards posed by drifting ash clouds [Prata et al., 2001; Tupper et al., 

2006].  

5.1.1 Conclusions 

SO2 transmission in the longwave region (12ï11 µm absorption difference) can be 

confused with sulfate aerosols and/or ash with current band positions. A suggestion would be to 

shift the HyspIRI 10.53 µm band between 9.5 and 10 µm in order to help discriminate sulfate 

aerosols from SO2 or ash. Simulations will need to be run to investigate the effects of O3 

absorption in this region, and optimal placement of the 10.53 µm band. In terms of mineral 

mapping, moving the 10.53 µm band closer to 10 µm will also help to discriminate between 

feldspar and quartz minerals. This will be discussed in more detail in section 6. In any case, 

moving the 10.53 µm band to shorter wavelength region around the 10 µm band will be 

beneficial for both SO2 and mineral mapping techniques. 

5.2 Case Study: Mount Etna eruption plume  

5.2.1 Analysis 

Figure 11 shows a MODIS-Aqua visible (top) and thermal (bottom) image of a Mount 

Etna plume on the 28 Oct 2002 using band 28 (7.3 µm). The ground is not visible because at this 

wavelength the atmosphere is opaque due to strong H2O and SO2 absorption features. This is 

illustrated in Figure 11 (right panels) which shows that H2O and SO2 absorption strengths are of 

similar magnitude in the 7.3 µm band. This makes it difficult to separate their effective 

contributions to the total brightness temperature. In addition the 7.3 µm band is not suitable for 

mapping plumes below 5 km, and is therefore more useful for mapping large-scale eruptions 

where plumes persistent to higher altitudes in the stratosphere.  
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5.2.2 Conclusions 

A more useful option for HyspIRI would be to move the 7.3 µm band closer to the 7.8ï

8 µm region in order to obtain more leverage from the water vapor absorption gradient that exists 

in this range (see Figure 11 top right panel). This would make simultaneous retrievals of SO2 and 

H2O easier in combination with the 8.6 µm SO2 absorption feature.  

 

 

 

 

 

 

Figure 11. (left) MODIS-Aqua band 28 (7.3 µm) image of the Mount Etna eruption on 28 October 2002, (right) thermal infrared 
responses of HyspIRI plotted with transmission curves for water vapor (top) and SO2 (right). 
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5.3 Case Study: Sarychev Peak volcano 

5.3.1 Analysis 

Figure 12 illustrates the complex dispersion of plumes and clouds during the recent 

eruptions of Sarychev Peak Volcano (Matua Island, Russian Kuril Islands). Figure 12(a) top 

panel is a true-color composite of MODIS-Terra data acquired at 00:50 UTC on 16 June 2006. 

We note the viewing conditions were cloudy, indicating unstable atmospheric conditions, and the 

 

Figure 12. Eruption of Sarychev Peak Volcano (Matua Island, Russian Kuril Islands). Top panels (a) true-color composite of 
MODIS-Terra data acquired at 00:50 UTC on 16 June 2006. (b) is a false-color composite of MODIS thermal infrared (TIR) 
channels 32, 31, and 29 displayed in red, green, and blue, respectively. Bottom panels show corresponding (a) MODIS band 28 
(7.34 µm) and (b) band 33 (13.34 µm) brightness temperatures. 




















































